THE Senghenydd Explosion happened about 8.10 a.m. on October 14, 1913, and is the worst disaster in the history of British mining. The number of men killed was 440. The whole of the men working on the eastern side of the mine were brought up safely, almost immediately after the explosion occurred; eighteen men only were rescued from the western side, after an exposure to the noxious fumes for twenty hours, and survived. Five died from the effects of burns and injuries sustained whilst following their occupation in close proximity to the shaft, and one man lost his life on the day following the explosion whilst assisting in work at the fire which was raging in the West Main level, being killed by a fall of stone. The whole of the remaining men working on the west side were asphyxiated by carbon monoxide gas; many were also burnt and sustained multiple injuries, either as a direct consequence of the explosive blast or from being buried under falls of roof.
The party entered the No. 1 North Road from the east side of the pit, taking fresh air with them, and found but slight evidences of force and fire along this road. Four bodies were passed; one, a man of exceptionally fine physique, was found in the mniddle of the road, lying on his back with both his hands clasped behind his head, indicating that he assumed a position of repose when first affected by the fumes of after-damp. There were superficial burns upon the face and hands, and well-marked signs of carbon monoxide poisoning were present. The noxious fumes in this instance must have produced a narcotic effect, for the position was one of ease, and must have been assumed before consciousness was lost.
Two other bodies were found close by, lying in a semi-prone position against a box, and leaning against each other; these also showed typical signs of asphyxia from carbon monoxide. It is interesting to note that a live horse was found on the road.
The narrow entrance to the Bottanic district was now reached, and a dead haulier was found lying doubled up over the back of a tram with his head inwards. There was an extensive scalp wound over the back of the head, and death was due to carbon monoxide poisoning. The position of the body and wound on the head suggest that he was hurled backwards against the side, struck his head, and fell forwards into the tram, and was asphyxiated whilst lying stunned in this position. A little farther in, close to the mouth of the narrow airway, was the body of the district firemnan, lying in a semi-reclining position with the legs crossed, and head resting on the left hand; the body showed no marks of violence or burning, and presented well-marked signs of poisoning by carbon monoxide. The man's lamp was found some yards nearer the pit bottom in the middle of the road, indicating that after leaving his district and finding the air insupportable in the No. 1 North Road, he attempted to get back to iniorm his men, and when affected by the fumes dropped his lamp and tried to crawl back. As will be described later, one of the earliest signs of poisoning by carbon maonoxide is that anything carried becomes too heavy, and has to be dropped.
The state of this body proves conclusively that comparatively little force entered the district, and also points to the complete absence of fire. The importance of these observations will be fully understood later in connexion with the description of the erythematous lesions found on the bodies of the survivors.
The narrow airway was now reached, and the party now proceeded in single file, but it was agreed that a line of communication should be kept from a fixed base, where some of the rescue men remained with their apparatus. The working places were now thoroughly explored in turn, most of the survivors being found along the main road. The air was fresh up to this point. Rescue Brigades from Porth and Crumlin, in charge of Superintendents Thorne and Wimborne respectively, also rendered valuable assistance in the treatment and transport of the survivors.
The following cases are typical of the series of eighteen, a clinical abstract of which is given below: Case 1.-Aged 22. He first experienced a sensation of choking, which he attributed to smoke which entered the district, and says that ten minutes later his legs gave way and he lost the use of his feet, and was obliged to crawl on his knees to reach the main road, but before getting there "he felt his head going," and became unconscious, and recollects nothing further until the evening of the following day, after admission to the temporary hospital. When rescued his condition was as follows: Unconscious, foaming at the mouth and nostrils, lying in a reclining position with his back against the coal face and head dropped forwards. Respiration was greatly laboured and frequent, the pulse was feeble, frequent and irregular, and there was evidence that he had vomited. The condition of the man was extremely grave, but he gradually revived by the treatment which will be fully described in another paragraph. He again collapsed into a similar state after being brought to the surface and carried to the temporary hospital, which had been prepared and equipped at short notice for the reception of the survivors under my care. This patient was almost in extremzis for twenty-four hours and his condition constantly varied. His condition improved in the course of twenty-four hours, but on the following day he relapsed. For several weeks afterwards there was irregular pyrexia, varying from 990 to 1010 F., and the physical signs were those of broncho-pneumonia, successive portions of the lungs becoming involved in turn. He ultimately got quite well, but the areas of skin affected by erythema remained aneasthetic for several months, and sensation is still somewhat impaired in those situations. Case II.-Aged 19. He says that after hearing the explosion and feeling overcome by weakness he has no recollection of anything further until the fourth day afterwards, when he realized what had happened. He was found some distance from his working place and close to the main haulage road. He was badly affected by the fumes of after-damp, but to a lesser extent than his brother (Case I). The erythematous lesions were confined to his back (see fig. 1 , p. 52). These areas of skin remained congested for several weeks and anaesthetic for several months. His general condition is now good, but he still suffers from neurasthenia.
Case IV.-He attributes the onset of symptoms to the exertion of walking quickly uphill along the incline road, for three-quarters of an hour had now Ju-18a elapsed from the time of the explosion. When rescued he was seen to be badly affected and more in a state of collapse than asphyxia. There was'some degree of collapse, but this had greatly improved on reaching fresh air. Peripheral neuritis involved the dorsi-flexors of the right foot, giving rise to footdrop, as shown in the photograph (fig. 2 ). There was also some pain, swelling and redness of the foot and leg for several days. Anaesthesia of the lower F1G. 1.
Showing disposition of erythematous lesions in Case II. third of the outer side of the right leg and of the whole of the foot and heel was present. This afterwards cleared up upon the sole, but anoesthesia,still persists in the other situations and paralysis remains almost unaltered. Some slight improvement has resulted from massage and electrical treatment of the affected muscles. There is paresis and atrophy of the whole of the right lower limb; the calf measures 2 in. less and the thigh 1 in. less respectively than the corresponding parts of the sound side. Complete reaction of degeneration is
Showing effect of peripheral neuritis on foot of Case IV.
FIG. 3.
Showing disposition of erythematous lesions in Case III of series. present in all the muscles of the right leg, except the gastrocnemius, which gives a partial R.D. The thigh muscles react normally. The erythematous lesions were identical with those described in previous cases, and in his case the lesion closely resembled an extensive wheal produced by local injury, and attended by considerable pain, swelling and induration of the part.
Taking the cases as a whole there was marked enfeeblement of cardiac action in many, and repeated attacks of cardiac failure in one case. His case (I) was considered as hopeless by most of the medical men present, but he responded well to timely stimulation and inhalation of oxygen, which was given almost continually. The condition and progress of this case have convinced the writer that no case of carbon monoxide poisoning should be regarded as hopeless, for he was almost in extremnis when brought out of the mine and, after some improvement, following the restorative measures applied at the tinme of rescue, he again collapsed on reaching fresh air and during transport to the temporary hospital a quarter of a mile or so distant from the colliery.
There was acute cedema of the lungs in one case (I), three cases of bronchitis and two cases of broncho-pneumonia. Ataxy occurred in several, antecedent to loss of consciousness. Peripheral neuritis occurred in five cases. In four cases paralysis in the distribution of the external popliteal nerve resulted in foot-drop, and anesthesia in the area supplied by this nerve. In one case (VII) the extensor muscles of the forearm were affected, resulting in wrist-drop, but this was also of short duration. The hand on this side was also in a condition of acute erythema with vesiculation, with absolute aneasthesia. This has now resulted in an atrophic condition of the whole hand, with ankylosis of the carpo-metacarpal joint of the thumb in a position of adduction, some atrophy of the thenar eminence and first dorsal interosseus muscles, and the fingers are cold, glossy and tender.
CUTANEOUS LESIONS.
Acute erythema occurred in nine of the cases. In one case (VII) cedema, vesicles and bulle were associated with the erythema. In several cedema of the part was present with erythema. The lesions most commonly involved the buttock, and generally the skin over the tuberosity of the ischium was affected. In other situations the skin over bony prominences was most commonly affected. Thus pressure must have played a part in the determination of the site of these areas of acute erythema, for most of the survivors were found in a sitting or reclining position. However, the occurrence of acute erythema in situations other than over bony points indicates that pressure was not the cause of these lesions, and the presence of hyperaesthesia with anesthesia, too, affords strong evidence of the existence of some other factor in the causation of the cutaneous lesions.
Characters.
The patches were raised and of a brilliant cherry-red colour, and the hair follicles stood out prominently, and the erythematous condition was attended with considerable pain, which made lying on the affected part iilmpossible. The affected areas were hot to the touch, and very tender, and faded a little on pressure, but, owing to extreme tenderness, only slight pressure could be applied without causing much discomfort. Absolute aneesthesia was present to painful impression. This was strictly confined to these areas for the most part, but in some instances it extended a short distance beyond, but not more than to the extent of an inch in a single instance, in others it was less than this.
The colour gradually faded over a period of several weeks, and it did not go through the stages of a bruise. In two cases the areas of erythema are still evident, and the colour can be restored to some extent by rubbing the part. In one case when this is done the patch becomes red and the margins are of a purplish colour. Many show generalized vasomotor instability, and in some factitious urticaria or dermographism can easily be elicited. In one (Case VII) there is passive congestion of the fingers, which are generally cold. In some, desquamation and crusting resulted. In one (Case VII) definite scarring has taken place, and this involves the subjacent muscles of the thumb. Probably, septic infection was responsible for this result. In two others, probably, scarring will ensue. There is evidence of atrophy in two cases, for the area of skin previously occupied by acute erythema is now depressed below the surrounding parts. In one (Case VII) the acutely erythematous condition of the fingers has been definitely succeeded by atrophic changes, as already described. Hyperesthesia lasted for several weeks. Anasthesia was absolute for several months, and in many is still evident.
The considerations detailed above point to some resemblance between the cutaneous lesions of carbon monoxide poisoning and those belonging to the group of toxic erythemata. In both there is capillary dilatation, and serous exudation and cellular infiltration. The presence of hyperasthesia and anaesthesia, so striking in the cases now under consideration, are an important difference between the two affections, for they are absent in toxic erythemata. The scarring and atrophic changes in CO poisoning afford a marked difference between the two affections. The association of ancesthesia with erythema indicate that the cutaneous lesions of carbon monoxide poisoning are of the nature of an angioneurosis, and brought about either directly by anoxya-,mia, or indirectly through the circulation of toxins produced by faulty metabolism. The persistence of the lesions and their results favour the former view, and point to a marked interference with the nutrition of the skin. If the lesions were due to the circulation of toxins one would expect this to subside soon after the patient recovered from the immediate effects of the gas, and on this supposition the cutaneous lesions should be of brief duration, and clear up completely. The association of peripheral neuritis with several of -the cases favours the view that an angioneurosis is responsible for the condition of carbon monoxide erythema, and it is rather renarkable that in two cases of external popliteal paralysis, erythematous patches were present just below the head of the fibula, and almost exactly over the situation of the nerve. The influence of pressure has already been discussed.
The cutaneous lesions of carbon monoxide poisoning were first described by the writer in a communication to the British Medical Journal of November 1, 1913.1 There is no record of any previous observation of these lesions which, in the writer's opinion, are now fully established as true manifestations of CO poisoning. There was no evidence of burns, or of any fire having reached the district where the survivors were found.
SYMPTOMATOLOGY OF CARBON MONOXIDE POISONING.
A general symptom was a marked feeling of languor and an irresistible desire to rest quite regardless of immediate danger. Those affected wanted to be left alone, and would resent interference even if directed to their advantage. One man was obliged to relieve himself of a pocket full of nails, another of a hammer, another of his cap, for even this seemed too heavy. A colliery manager leading one of the parties, and carrying the canary, when affected by the gas felt his grip upon the wooden cage weaken, and imagined his fingers were swollen. These Brit. MIed. Journ., 1913 Journ., , ii, P. 1181 symptoms were usually brought on by exertion, and were far more evident in those doing hard manual work than in the officials superintending such work. Some relief would ensue from rest, but this would be of brief duration, and recur immediately work or walking was resumed.
Tinnitus aurium was one of the earliest symptoms. Headache was general, and first felt at the back of the head, and described by some as amounting to a severe pain. Some complained of a feeling of constriction as if the head were encircled by a band which could be tightened by a screw. Others said they had a feeling as if the crown of the head was being lifted off, or a sensation of expansion of the head, or a feeling of the head splitting in two. One said that his " head felt double the size." A marked feeling of " throbbing in the temples " was present in many. Headache was delayed in some, and absent in a few. A feeling of contentment or complacency was general even in those suffering from the various subjective sensations described above. Many were fully aware of their dangerous position, but strangely there was no mental distress, and they would lie still and make no effort to move on to a place of safety. In some the mental state was one of exhilaration, even when prostrated and conscious of extreme danger. Such cases would desire to rest, and would not actively assist anyone desirous to help them. All precaution would be abandoned, and one leader of a party carried the canary mechanically, and ceased to take any further notice of its movements. Many said that their sense of humour was increased as in the early stages of alcoholic intoxication, and jokes and pleasantries would be exchanged between the mine officials and the working men. Many responsible officials who ordinarily possess a keen sense of authority and duty would joke with their subordinates, although fully conscious of doing so, and indeed they would mentally reprove themselves for being " childish." Some were greatly amused at the gasping appearance of others, although fully aware that their own condition was very similar. Others, again, would exhibit hysterical symptoms such as immoderate laughter, shouting, or singing, and in this respect one said that the effect in his case was very similar to that produced by nitrous oxide. A mild degree of delirium was produced in some instances, and one of the mine officials when affected became excited on reaching fresh air, and raised his lower limbs in walking in a manner resembling the " turkey trot." Some were happy and depressed in turns, others were irresponsible and indifferent as to their language to their superiors. One man in this respect behaved simnilarly when " gassed," as on another occasion when observed by the writer to be under the influence of alcohol. Giddiness was complained of by many, and several were observed to be ataxic on endeavouring to walk.
Palpitation was a common and early symptom, and accompanied in m-any by a very tumultuous action of the heart. The mnemrrbers of one party exploring the mine within a few days of the disaster, and when it was possible that some of the workmen were still living, believed that they could hear knockings which they attributed to the presence of entombed men, but which were really due to tumultuous heart's action, and which became audible to others. Another party which suffered in the same way said that they could plainly hear one another's hearts when all were silent in a remote part of the mine.
Breathlessness was common, and was probably in many cases partly cardiac in origin. Some described this as being asthmatic in character, others as "heavy and deep breathing," others, again, said their breath was "heavy and gasping."
Weakness of the lower limbs was general, and described by some as a giving away of the knees; others as a sagging of the knees; others stated that their legs became tremulous and weak; another said that his legs failed to support him, and "felt like rubber "; another said "his legs were like whips"; others that their feet becaine too heavy. One, the official already mentioned, whose gait and behaviour excited some amusement, said that his lower limbs seemed very pliable, and he felt capable of performing almost any acrobatic movement. This was partly due to his mental state of exaltation, and partly to the flaccid condition of the lower limbs.
Vomiting occurred in some instances and gave relief. This happened in a few cases on reaching fresh air, and was attributed by one to the administration of oxygen.
Headache, malaise and lassitude were present for days in most cases, and some complained of failure of memory for some time. Those who continually inhaled small quantities of carbon monoxide gas, as, e.g., those at work on the bashings, were subject to a cumulative effect, and general failure in health was the result, and neurasthenia. It is the opinion, too, of many of the leading mining experts that respiration is permanently affected after such work. The writer hopes to verify this by further observation of those affected at Senghenydd. TREATMENT OF AFTER-DAMP POISON.
Preventive.
Miners in each district of the Colliery should be subject to discipline and in charge of the district fireman. When an explosion occurs the fireman should warn all the men to this effect by a recognized signal, such as ringing of an electric bell. The men should assume comfortable reclining positions on either side of the road, in a place selected by the fireman as being the best situated to obtain the purest air available. He should then inspect the roads leading from the district and ascertain if escape be possible.
The efforts of the men to escape have already been described, and the onset of symptoms in almost every case followed the exertion of walking quickly up the inclined road. Some also were considerably more excited than others.
The party of men was almost wholly overcome by the time the double parting of the district was reached, and most of the bodies were found in groups close to this spot. It is difficult to explain why eighteen men survived and why eighteen men died, for there were no marked differences of age, general health and habits. Their respective positions also were somewhat similar, for almost all were found reclining against the side, and in some places the dead and living were mixed together. Many of the men in endeavouring to escape traversed the road leading to the Mafeking return, and it is possible that some went farther than others, and so were worse affected by the vitiated air of this part of the mine. Moreover, the concentration of the men at the double parting of the district must have lessened their ultimate chances of escape.
There is, of course, the question of varying susceptibility to the effects of after-damp poisoning, and this must have been partly responsible for the result.
When escape by the comparatively short route along the No. 1 North Road was impossible the men would have done more wisely to remain in the district than to traverse the long and difficult road heavily charged with the fumes round to the main level of the mine.
A supply of oxygen kept in the district would have probably saved the lives of many, for some of the survivors were hardly affected and only in a drowsy state. Inhalation of oxygen would have revived these men, and they could then have assisted the others. A knowledge of the administration of oxygen could be included in the instruction given to miners in first aid classes, which are so well attended in the Principality. Large cylinders of oxygen should be kept in each district, and fitted with several gas-bags, which could be filled and used to resuscitate those affected by the after-damp.
Again, miners under such circumstances should drink the cold tea which is their favourite beverage when at work, and unless they have taken food recently they should partake of that in their boxes. The " jacks " and " boxes " found in the Bottanic district of the Senghenydd Mine at the time of the rescue were for the most part full. Thermos flasks containing hot tea and milk, or hot coffee and milk, would be better than " jacks" containing cold tea.
Curative.
In the treatment of a person suffering from after-damp poisoning, unless removal to fresh air can be carried out immediately, treatment should first be applied on the spot. The oxygen cylinders attached to the breathing apparatus of the rescue brigade can be utilized, and the air around the patient fortified by an ample supply of the gas. Artificial respiration can be performed at the same time.
Inasmuch as most of the survivors in the Senghenydd mine were found in a sitting position, this was maintained and artificial respiration performed by the Howard method. These measures proved to be effective, even in the worst cases suffering from collapse. Massage and brisk friction of the limbs too were useful, and strychnine hypodermically. In less affected cases in which stupor was a feature vigorous shaking and flipping measures were adopted.
The application of lotio calaminae seemued to relieve the pain of the erythematous lesions after the patients were removed to hospital.
In many of the explorers who were " gassed" artificial respiration by the Schaifer method was best. Oxygen was administered whilst the movements were being performed. Owing to spasm of the upper limbs (Case I), erythema, cedema of the hand (Case VII), and burns on the limbs in many others, the Silvester method of artificial respiration was inapplicable, and this too would have hindered the simultaneous administration of oxygen.
As regards transport, various means were adopted at Senghenydd. Ambulance trams for conveying injured or " gassed" miners should be devised for use in collieries. A wheeled support across which a stretcher or blanket could be suspended would be useful as a means of transport from distant parts of the mine; commonly, in ordinary cases of injury occurring in the mine, the coal trams are used as a means of, transport, but these, for obvious reasons, are unsatisfactory, and may seriously aggravate such injuries.
The patients should be covered up warmly with blankets or rugs, for on removal from the hot air of the mine to the relatively cold outer air serious collapse is apt to take place, as happened in some of the Senghenydd cases. A small hospital should be permanently established as near as possible to the colliery. All men suffering from the effects of after-damp poisoning should be carried, and under no circumstances should be allowed to walk home, for symptoms may be delayed and come on suddenly.
It is important that restorative measures should be carried out as far as possible in the mine itself, for the difference of temperature and pressure at the surface may lead to a relapse, as happened in some of our cases. This is probably due to the sudden liberation of small bubbles of the gas, which might form emboli in the brain and elsewhere.
RESCUE BRIGADE WORK.
The brigades equipped with special self-contained apparatus rendered fine service in the work of rescue and exploration. The first rescue party to arrive was the Rhymney Valley rescue car with eleven men in charge of Superintendent Kitto, at 10.30 a.m. The nearest rescue station was Porth, ten miles distant, but the brigade from there did not reach the mine until half an hour later than the first named, owing to trouble with tyres and to the fact that they were not summoned to the scene of the disaster until 10 a.m., nearly two hours after the explosion; thus valuable time was lost, inasmuch as before their arrival it was impossible to repair the damage done to the water-pipes owing to fumes and smoke.
Had a rescue brigade been on the spot the water-pipes could have been repaired immediately, and efforts directed against quenching the fire raging in the main west level would have been far more likely to have been attended with success than three hours later. Whilst immediate measures were being taken to combat the fire, probably others of the rescue brigade with breathing apparatus inight have been able to reach the West York district, and possibly also the Bottanic district, and thus many more lives would have been saved.. This view is supported by the following considerations. The districts already mentioned were far more favourably placed for the purposes of rescue than the others. One man employed in the West York district actually escaped from a point about 20 or 30 yards below the engine on the incline; he was blown down, but uninjured, and, as he expressed it, he made a bolt for the shaft, and groped his way out, and fell unconscious close to the bottom of the upcast shaft. The West York district was explored on the day following the explosion and the air found to be tolerable. Several men had made their way to within 20 yards of safety and their bodies were recovered the next day. Most of the others working on the coal face had traversed several hundred yards before being overcomne.
One of the bodies found in a group close to the Mafeking return was brought up on the next morning, and bore the appearance of not having been long dead. The body was examined by several medical men, who formed this opinion independently.
Again, with regard to the Bottanic district where the eighteen men were eventually rescued, the committee of experts determined that after an examination of No. 1 North Road at 9 a.m. and at 1 p.m. on the day of the explosion, rescue operations in this direction were inpossible.
It is highly probable that had the mine had a permanent rescue brigade of its own, equipped with the breathing apparatus, an attempt would have been mnade much earlier to reach the Bottanic district. The rescue brigades which came from other places were not acquainted with the mine, and proceeded almost immediately to attack the fire and repair the water-pipes. They were informed that no lives could have possibly escaped the imlmediate effects of the explosion.
These considerations strongly support the view that each mine should have its own rescue brigade, consisting preferably of men drawn from the ranks of the officials who possess an intimate acquaintance with the workings, which are varied and often complex. Rescue brigades for mines should consist of very carefully selected men. They should be in charge of a brigade superintendent qualified by long experience, and capable of instructing the men and maintaining thorough discipline.
It may seem almost unnecessary to suggest that the men should be of good physique, and that medical examination should be made at intervals, and immediately before undertaking any rescue work. However, at Senghenydd a brigade man collapsed whilst taking part in the exploration of No. 1 North stables. The heat was intense and the fumes dense, with the result that one of the men was overcome and had to be carried out by the others. On subsequent examination it was found that he suffered from heart disease, and had been unable to work for three weeks, and on the day of the explosion he was actually under orders to attend the Cardiff Hospital for special examination. The apparatus was confiscated, but afterwards found by Professor Haldane to be in thorough working order. As a result of this, the other brigade men were medically examined, and two more men were certified unfit for the work.
The question of temperament, too, is of great importance in the selection of men for rescue brigades in mines. It transpired that whilst the brigades were removing the bodies from the York West district, one of the men took fright and ran back. With this single exception the men constituting the various brigades were fearless, and were of great service in the work of rescue and exploration.
If, as already suggested, each mine had a rescue brigade, trained and always ready for any emergency, the superintendent in charge would have ample opportunity of knowing his men and rejecting those unfit by temperament or for any other reason. In such a permanently instituted brigade, too, much advantage would be gained from the men becoming well acquainted with one another, which is so necessary for the purpose of discipline and co-ordinated work.
The brigade should have a medical officer to examine the men at intervals, and to instruct them in principles of first aid, and it would be a great advantage if he could attend the practices and accustom himself to the use of the apparatus.
Then as regards the training of rescue brigades, this should be carried out under conditions which resemble the actual as closely as possible. Arrangements should be made for filling the galleries of rescue stations with a certain percentage of irrespirable gases, such as carbon monoxide, and sulphur fumes and smoke. The brigades, too, should have frequent practice in the mine itself, and operations could be carried out in the various districts with obstacles here and there to simulate falls of roof. Moreover all the men should possess a good knowledge of first aid, together with that of the chemistry relating to gases, and the administration of oxygen.
Whenever an accident happens in the mine the brigade should be summoned to attend the injured and convey to the surface. One of the brigade men at Senghenydd whilst assisting to carry a body slipped and was momentarily stunned. Instead of transferring the wounded man to the stretcher, and removing him with all speed to fresh air, some of the others ran for help to the base 50 yards away. Had these men possessed an intimate knowledge of first aid principles, and been accustomed to put these into practice, their first consideration would have been to convey their injured colleague as quickly as possible to fresh air.
In actual operations the mnen should be thoroughly fresh, and have had a good meal before descending the mine, and should not take alcoholic liquors in any form.
The various brigades should work in shifts, for it is of vital importance that the men should not be exhausted by overwork, as they are then much more prone to be affected by the after-damp, and to suffer acutely. One nman at Senghenydd collapsed after being at work continuously for twenty-one hours. This was the result of physical exhaustion, and not to a defect in the apparatus, which was afterwards found to be in good working order. Immediately symptoms of poisoning are experienced, or observed by others, the man should desist, and return to the surface, and afterwards should not resume work until he is pronounced fit by the medical officer of the brigade.
As far as possible a close watch should be kept by all members of the party upon each other for signs of after-damp poisoning, and no one should be allowed to proceed alone to any part of the mine. Should the conditions prevent the brigade working together, then a line of communication should be maintained from a fixed base.
The rescue party should never go without a canary previously noted to be chirpy and lively. The bird, in a cage fitted with a small oxygen cylinder, should be carried by the leader of the party and kept by the left hand on the corresponding shoulder, where its movements could be constantly observed. The position of the bird is important, inasmuch as carbon monoxide gas is lighter than air, and is uppermost. One exploration party at Senghenydd almost ended disastrously by omitting to observe the above precautions. The earliest sign noticeable in the bird is a ruffling of the breast feathers, then it becomes unsteady, and assumes a position of roosting, which it would retain until it fell off the perch. The plan adopted by the superintendents of the rescue brigades at Senghenydd, to whom I am indebted for the account of the symptomatology of carbon monoxide poisoning in birds, was to shake the canary off its perch whenever it showed a tendency to adopt a roosting position, and if it failed to rise from the floor of the cage, or fluttered its wings in an attempt to do so, this was sufficient evidence that the bird was affected. A constant watch should be kept for evidences of early embarrassment in the bird. When the canary was put suddenly into an atmosphere charged with carbon monoxide it fluttered quickly and died, but rescue parties should not wait for this, inasmuch as an atmosphere highly dangerous to life may be reached before the canary actually dies in the way indicated.
POST-MORTEM APPEARANCE OF 400 BODIES.
This refers to external appearances for the most part, inasmuch as pernmission could not be obtained to do any dissections. Although some of the bodies were not recovered for several months, and were consequently in an advanced state of decomposition, yet typical signs of carbon monoxide poisoning were present in nearly every case.
The colour in most instances was bright pink, and was evident even in portions of flesh exposed by injury, such as in torn ends of muscles around joints from which the limbs had been blown off. This indicates the firm stability of the compound formed by the union of carbon monoxide with haemoglobin.
In no instance were false teeth found to be loose, and this points to the absence of convulsions in most instances. In one only was the tongue found to have been bitten. The tongue in a large number of bodies was swollen in almost the whole of its extent, the tip only remaining normal in size, and considerable difficulty was experienced in removing false teeth for the purposes of identification.
Superficial burns on exposed parts were common, and in a large number of instances coal dust had been driven into the skin and had to be scraped off before the typical colouring could be ascertained. The features of many of the earlier bodies were swollen, and a sanguineous froth exuded from the mouth and nostrils, and showed the typical coloration.
A small pool of blood was found by the side of one body and was fluid even after the lapse of thirty hours, and of a characteristic bright pink colour.
Fractures and dislocations of almost every possible variety and description were found, and such was the terrible force of the explosion that some bodies were blown to pieces and the limbs of others evulsed at the joints, even the lower limbs being separated in this way, without fracture, from the hip-joints.
Most of the bodies were found close to the coal faces and were, for the most part, in groups within 100 yards of the working places. The
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Davies: Poisoning in Sen ghenydd Explosion positions were variable, and many were killed whilst actually at work, and just fell over from the position they were in at the time. Thus many were found actually at the coal face on their knees, hauliers beside their tranWs, and engine men in their seats. Some had tied nmufflers round the mouth and nostrils, others their vests or waistcoats; another had plugged his nostrils with cotton-wool.
There were evidences in some instances that boys had been carried before both were overcome. Four men had rushed out in one district, arm in arm, and had fallen together about 60 yards from the coal face. Five bodies were found in No. 1 North Road under a fall and recovered five weeks after the date of the explosion. They were men working in the Bottanic district, and were seen by the survivors after the explosion happened. One was a master haulier and a man of experience, and probably he persuaded four others to accompany him in a bid for safety. These men rushed to meet their doom, for the No. 1 North Road at the time was heavily charged with after-damp, which entered the narrow passage leading to the Bottanic district, and which convinced the others that escape in that direction was impossible. The bodies of these men were greatly mutilated, bht one showed unmistakable evidences of carbon monoxide poisoning, and thus the injuries must have happened either after death or whilst he was in an unconscious state from asphyxia.
In the West York district four men got within a short distance of the shaft before being overcome, and were at variable distances from 15 to 100 yards, proportionate to their respective strengths. All had fallen forward on their faces, and evidently whilst running. Ten others had traversed 600 yards before becoming unconscious on the main road, close to the Mafeking return. These were in groups of three, and appeared to have sat together and gone off to sleep. The district overman had halted his men in-bye to this point, and decided to make a test of his own life. Thus, amidst the gloom and horror of a terrible disaster, there were evidences of heroism of the finest description.
I am particularly indebted to Dr. Philip James, the colliery practitioner, for much valuable information, and to many of the colliery officials for their courtesy and help.
DISCUSSION.
Dr. J. S. HALDANE, F.R.S., said that although it was clear that in the cases described no burns were caused by the explosion, he would like to ask Dr. Davies whether it was equally clear that burns from lighted lamps were also excluded. Burns from this cause were not uncommon in the case of miners affected by carbon monoxide, even when consciousness was not completely lost. The late Sir Clement le Neve Foster, Chief Inspector of Metalliferous Mines, recorded the fact that when partly stupefied by carbon monoxide he was badly burned on the hand and wrist by a candle, without noticing the fact at the time. The lamps of the Senghenydd survivors would continue to burn in the poisonous air, and might possibly cause burns. Red patches seemed to have been observed when the men were found. This, and the irregular distribution of the patches, would seem to suggest the possibility of burns or other local injuries. The experimental evidence showed clearly that the symptoms of CO poisoning were due solely to lack of oxygen, caused by the temporary impairment in the oxygen-carrying power of the blood. But the peripheral parts of the body, including nerves, were much less sensitive to oxygen-want than the central nervous system, and it was somewhat difficult to believe that peripheral affections could be produced in so short a time as a few hours. If, however, they were so produced, they ought to be found in cases of coal-gas poisoning, which was also due to CO. He did not think they had been noticed hitherto, but possibly this was because they had not been looked for.
Dr. D. J. THOMAS (Bargoed) described the condition of the survivors when rescued, and said that no one was in a better position to undertake the investigation of the effect of carbon monoxide poisoning in the Senghenydd disaster than Dr. Ivor Davies, who had charge of the temporary hospital established close to the colliery.
Dr. TURNEY gladly recognized the great interest of Dr. Davies's communication, and welcomed it on behalf of the Neurological Section. He could not, however, forbear from offering something in the way of criticism ,of Dr. Davies's interpretation of the erythematous patches as neurotrophic lesions. From that point of view their distribution was very remarkable. Their commonest site appeared to be the buttocks, but they were also seen between the shoulders, and in one case, at least, over the head of the fibula. He could not help feeling that this distribution was strongly suggestive of pressure as forming, at all events, a large element in their causation, and the circumstances under which they were produced seemed to him to favour that explanation.
Dr. WILFRED HARRIS said that the paralyses developed in Dr. Davies's patients were clearly pressure palsies of the sciatic and musculo-spiral nerves, and were not in any way a direct result of carbon monoxide poisoning, or of any other form of toxaemia. The obvious explanation of the paralyses was prolonged pressure upon the nerves above mentioned, due to the men lying unconscious on the hard ground in the same position for over twenty hours. A similar argument in favour of a traumatic neuritis of the cutaneous nerve filaments, due to prolonged pressure, fully explained the patches of erythema with anwsthesia upon the buttocks.
Dr. IVOR DAVIES, in reply to Professor Haldane, said that there was no evidence of fire having entered the district where the men were found, and no evidence of burning on their clothes. Moreover, the erythematous lesions were on covered parts, and mainly on the buttocks, and in situations where it would be highly improbable for safety lamps to be the causal agent. Again, their persistence and character, especially the combination of hypercesthesia and ancesthesia, made some neuropathic factor highlv probable, and this, too, was supported by the association of peripheral neuritis in the same case. He (Dr. Davies) believed that pressure may have determined the site of the skin lesions, but on account of the special character of the lesions he did not believe that pressure was solely responsible for their causation. In one case (VII) there were almost symmetrical areas of skin affected by erythema in the pectoral regions, and as the man was found in a sitting position, pressure could not have been the cause of the lesions. The bilaterality and symmetry of the lesions in his case, too, supported the view that some general cause was in operation. He thought it very unlikely that pressure could produce the lesions attributed to peripheral neuritis. The external popliteal nerve was involved in all but one case, and cases of pressure paralysis of this nerve were almost unknown, and the long duration of the cases, too, pointed strongly against pressure as being the cause.
